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© Automatic focusing apparatus. 

© There is disclosed an integrated circuit for 
focus control, which is obtained by integrating, 
on a single chip, a filter circuit for extracting a 
predetermined signal component, which 
changes in accordance with a focusing state, 
from an image pickup signal, a gate circuit for 
extracting a focus signal, corresponding to a 
portion in a focus detection region in a photo- 
graphing frame, from a focus signal extracted 
by the filter circuit, an arithmetic circuit for 
generating an evaluation signal of the -focusing 
state by performing predetermined signal pro- 
cessing for the focus signal extracted by the 
gate circuit and corresponding to the portion in 
the focus detection region, a region setting 
circuit for controlling the positions or the num- 
ber of focus detection regions in the photo- 
graphing field by controlling the gate circuit, 
and an interface . for connecting the respective 
circuits to an external circuit, and allowing the 



circuits to be controlled by a command from the 
control circuit 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an automatic fo- 
cusing apparatus which is suitably used in video 
equipment comprising image pickup means such as 
a video camera, and performs automatic focusing 
control using an image pickup signal output from the 
image pickup means. 

Related Background Art 

Video equipment comprising image pickup 
means such as a video camera adopts an automatic 
focusing (AF) system wherein a predetermined signal 
component, which changes in correspondence with a 
focusing state, is extracted from an image pickup sig- 
nal output from the image pickup means, and the ex- 
tracted signal component is used as an evaluation 
signal of the focusing state. 

For example, an AF apparatus based on a so-cal- 
led "hill-climbing AF system" is known. In the hill- 
climbing AF system, a high-frequency component in- 
dicating sharpness of an image is extracted from an 
image pickup signal output from an image pickup ele- 
ment such as a CCD, and a focusing lens is driven to 
maximize the level of the extracted high-frequency 
component, thus achieving AF control. 

Fig. 1 shows the arrangement of a conventional 
AF apparatus based on the "hill-climbing system". 

Referring to Fig. 1, a focusing lens 1 is moved by 
a lens driving motor 57 in the optical axis direction to 
achieve a focusing operation. Light transmitted 
through the focusing lens 1 forms an image on the 
image pickup surface of an image pickup element 3, 
the formed image is photoelectrical^ converted into 
an electrical image pickup signal, and the image pick- 
up signal is output. The image pickup signal is sam- 
pled and held by a CDS (double correlation sampling 
circuit)/AGC (auto-gain control circuit) 4, and is am- 
plified to a predetermined level. Thereafter, the im- 
age pickup signal is converted into a digital image 
pickup signal by an A/D converter 5. The digital image 
pickup signal is input to a process circuit of a camera, 
and is converted into a standard television signal 
based on the NTSC system. The digital image pickup 
signal is also input to a band-pass fitter (to be referred 
to as a BPF hereinafter) 100. 

The BPF 100 extracts a high-frequency compo- 
nent from the image pickup signal, and a gate circuit 
1 01 extracts only a signal corresponding to a portion 
set to be an in-focus detection region in a photograph- 
ing field. A peak hold circuit 102 holds a peak value 
of the output from the gate circuit 101 at an interval 
synchronous with an integer multiple of a vertical syn- 
chronization signal. Since this peak hold value is util- 
ized in AF control, it will be referred to as an AF eval- 



uation value hereinafter. 

A speed discrimination circuit 1 04 sets a focusing 
speed corresponding to an in-focus degree on the ba- 
sis of the AF evaluation value. More specifically, the 

5 circuit 104 instructs a motor driver 56 to vary the mo- 
tor speed, so that the motor speed is increased in a 
considerably out-of-focus state, and the motor speed 
is decreased in a slightly out-of-focus state. On the 
other hand, a direction discrimination circuit 1 03 sets 

10 the motor driving direction in a direction to increase 
the AF evaluation value, thereby increasing the in-fo- 
cus degree. Such control is the above-mentioned hill- 
climbing control. 

In the conventional AF apparatus based on the 

15 hill-climbing system, since AF control is performed 
using only a focus detection signal extracted from 
only one focus detection region set in the photograph- 
ing field, the AF operation becomes unstable depend- 
ing on objects and photographing conditions. 

20 In order to realize the above-mentioned AF appa- 

ratus using the image pickup signal, many means 
such as means for extracting an evaluation signal, 
which changes in correspondence with a focusing 
state, from an image pickup signal, means for setting 

25 a detection region in a photographing field for obtain- 
ing the evaluation signal, arithmetic & control means 
for executing a control algorithm for driving a focusing 
lens on the basis of the evaluation signal, means for 
controlling the operation timing with other circuits 

30 other than those associated with an AF function, and 
the like are required. For this reason, the circuit ar- 
rangement, and various setting and adjustment oper- 
ations as a whole are complicated. Also, use of both 
analog and digital circuits disturbs efficient signal 

35 processing, and undesirably allows easy mixing of 
noise. Thus, the AF apparatus suffers from many 
problems including the above-mentioned problems, 
and it is difficult to realize a stable, efficient, and high- 
precision AF apparatus. 

40 In particular, in a focus detection apparatus using 

an image pickup signal, since a dynamic image is to 
be picked up, a detection region corresponding to a 
change in image must be set, and a focus detection 
algorithm corresponding to a change in image must 

45 be executed. However, it is very difficult to realize 
these operations by the above-mentioned circuit ar- 
rangement. Therefore, demand has arisen for practi- 
cal means which can efficiently and stably control cir- 
cuit operations, can simplify the circuit arrangement, 

50 and allows easy connections with other control cir- 
cuits to improve efficiency of the entire system. 

The present invention relates to the above- 
mentioned problems, and has as its one concern to 
realize high efficiency, simplification, and high reli- 

55 ability of control of various functions necessary for 
realizing an AF function. 

It is another concern of the present invention to 
improve efficiency and versatility of processing by 
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forming a one-chip IC including circuits for realizing 
various functions for executing the AF function. 

Thus, according to one preferred aspect of the 
present invention, there is disclosed a focus signal 
control integrated circuit comprising at least gate 5 
means for extracting only an image pickup signal cor- 
responding to a portion inside a predetermined detec- 
tion region in a photographing field, and capable of 
changing a setting position of the detection region in 
the photographing field; filter means for extracting a 10 
predetermined frequency component, which changes 
in correspondence with a focusing state, from the im- 
age pickup signal extracted by the gate means; arith- 
metic means for generating an evaluation signal of 
the focusing state by executing predetermined proc- is 
essing of the predetermined signal component ex- 
tracted by the filter means; region setting means for 
controlling the position or the number of focus detec- 
tion regions in the photographing field by controlling 
the gate means; and interface means for allowing ex- 20 
ternal control of the respective means. 

Thus, various functions necessary for AF control 
can be integrated on a one-chip IC, the position or the 
number of focus detection regions in the photograph- 
ing field can be freely set by an external control com- 25 
mand, the operations of various functions can be 
controlled in correspondence with a photographing 
state, and timing control with other functions is facili- 
tated. Therefore, a one-chip IC for an AF apparatus, 
which can sat isf y various requirements from the sys- 30 
tern design, can be realized. 

It is another concern of the present invention to 
disclose an automatic focus detection apparatus 
which can solve a conventional problem that focus 
detection precision deteriorates due to a change in 35 
object image and photographing conditions to cause 
an erroneous operation in an apparatus for perform- 
ing focus detection on the basis of an image pickup 
signal in a single fixed focus detection region set in a 
photographing field, and allows a stable AF operation 40 
all the time despite a change in object image and pho- 
tographing conditions without causing any erroneous 
operation. 

Thus, according to another preferred aspect of 
the present invention, there is disclosed an automatic 45 
focus detection apparatus comprising: filter means 
for extracting a predetermined frequency component 
from an image pickup signal output from image pick- 
up means; gate means for allowing only a signal cor-, 
responding to a portion in a focus detection region in so 
a photographing field to pass therethrough with re- 
spect to the output from the filter means; detection 
means for detecting a luminance signal component 
from the image pickup signal in the focus detection 
region; correction means for correcting a focus signal 55 
extracted by the gate means by the output from the 
detection means; and driving means for driving a fo- 
cusing lens of an optical system to an in-focus point 



on the basis of the output signal from the correction 
means. 

According to still another preferred aspect of the 
present invention, there is disclosed an automatic fo- 
cus detection apparatus comprising: filter means for 
extracting a predetermined frequency component 
from an image pickup signal output from image pick- 
up means; gate means for movably setting a plurality 
of focus detection regions in a photographing field 
with respect to the output from the filter means, and 
allowing signals corresponding to portions in the fo- 
cus detection regions to pass therethrough; detection 
means for detecting luminance signal components 
from the image pickup signals in the respective focus 
detection regions; correction means for correcting fo- 
cus signals extracted by the gate means by the out- 
puts from the detection means; and driving means for 
driving a focusing lens of an optical system to an in- 
focus point on the basis of the output signals from the 
correction means. 

It is another concern of the present invention to 
improve the performance of a conventional "hill- 
climbing AF system," and to provide an automatic fo- 
cus detection apparatus which can fetch an evalua- 
tion signal of a focusing state at a shorter period, can 
shorten a time lag between the current image signal 
and AF control, and can realize high-precision, high- 
speed, and stable AF control. 

Thus, according to still another preferred aspect 
of the present invention, there is disclosed an auto- 
matic focus detection apparatus comprising: a plural- 
ity of band-pass filters each for extracting a predeter- 
mined focus signal, which changes in correspon- 
dence with a focusing state, from an image pickup 
signal output from image pickup means; switching 
means for switching the band-pass filters; horizontal 
direction detect ton means for detecting an output lev- 
el of the band-pass filter in synchronism with a hori- 
zontal synchronization signal; and peak hold means 
for holding a peak value of an output from the horizon- 
tal direction detection means. 

It is another concern of the present invention to 
provide an AF apparatus which can prevent an out-of- 
focus image from being recorded, by redriving an AF 
operation when a recording standby state transits to 
a recording state. 

A further concern of the present invention to pro- 
vide an AF apparatus which can attain a quick focus- 
ing operation by driving a focusing lens in a direction 
determined based on the position of the focusing lens 
and a predetermined standard object position when 
the driving direction of the focusing lens cannot be 
discriminated on the basis of the focus signal level. 

Other advantages and arrangements of the pres- 
ent invention will become apparent from the following 
description of the specification taken in conjunction 
with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an arrangement 
of a conventional AF apparatus; 
Figs. 2A and 2B, when combined together as 
shown in Fig. 2, show a block diagram showing an 
arrangement of an AF apparatus according to the 
present invention; 

Fig. 3 is a block diagram showing a schematic ar- 
rangement of a TE-LPF (low-pass filter for even 
lines) in the block diagram in Figs. 2A and 2B; 
Fig. 4 is a block diagram showing a schematic ar- 
rangement of an FE-LPF (low-pass filter for odd 
lines) in the block diagram in Figs. 2A and 2B; 
Fig. 5 is a block diagram showing a schematic ar- 
rangement of an HPF (high-pass filter) in the 
block diagram in Figs. 2A and 2B; 
Fig. 6 is a view showing a method of forming a 
plurality of focusing gate frames (focus detection 
regions); 

Fig. 7 is a graph showing the input/output char- 
acteristics of a gamma circuit shown in Figs. 2A 
and 2B; 

Figs. 8A and 8B are respectively a flow chart 
showing an AF operation, and an operation ex- 
planatory view; 

Fig. 9 is a block diagram showing the second em- 
bodiment of an AF apparatus according to the 
present invention; 

Fig. 10 is a block diagram showing the third em- 
bodiment of an AF apparatus according to the 
present invention; 

Fig. 11 is a flow chart showing an operation of a 
camera microcomputer; 

Fig. 12 is a flow chart showing an operation of a 
recorder microcomputer; 

Fig. 13 is a block diagram showing the fourth em- 
bodiment of an AF apparatus according to the 
present invention; 

Fig. 14 is a graph for explaining an operation of 
the fourth embodiment of the AF apparatus ac- 
cording to the present invention; and 
Fig. 15 is a graph for explaining an operation of 
a conventional automatic focus detection appa- 
ratus. 

DETAILED DESCRIPTION OF THE PREFERRED - 
EMBODIMENTS 

The arrangement and operation of an AF appa- 
ratus according to the present invention will be de- 
scribed below with reference to the accompanying 
drawings. 

Fig. 1 is a block diagram showing the first em- 
bodiment of an AF apparatus according to the present 
invention, and disclosing an AF IC according to the 
present invention at the same time. 

The apparatus shown in Fig. 1 includes an AF in- 



tegrated circuit (IC) AFP. 

A focusing lens 1 is moved by a lens driving motor 
57 in the optical axis direction, thus achieving a fo- 
cusing operation. 

5 The incident light amount of an optical image 

transmitted through the focus lens is stopped by an 
iris 2, and the passed optical image is formed on the 
image pickup surface of an image pickup element 3. 
The optical image is photoelectrical! y converted into 

10 an electrical image pickup signal, and the image pick- 
up signal is output. 

The image pickup element 3 is driven by a refer- 
ence clock CO output from a reference clock genera- 
tor 60. A charge accumulated on the image pickup 

15 element is read out in synchronism with the reference 
clock, and is output as an image pickup signal. 

The image pickup signal output from the image 
pickup element 3 is sampled and held by a CDS (dou- 
ble correlation sampling circuit)/AGC (auto-gain con- 

20 trol) circuit 4, and at the same time, is amplified by 
the AGC to a predetermined level at an optimal gain. 
The amplified signal is supplied to the AF IC AFP. 

The image pickup signal supplied to the AF IC 
AFP is converted into a digital signal SO synchronized 

25 with the reference clock signal CO by an A/D conver- 
ter 5. Subsequently, digital signal processing is exe- 
cuted. 

A one-horizontal period delay element (to be re- 
ferred to as a 1H delay element hereinafter) 6 forms 

30 a signal S1 by delaying the digital signal SO by one 
horizontal period, and a 1H delay element 7 forms a 
signal S2 by delaying the output from the 1H delay 
element 6 by another horizontal period. 

These signals SO, S1 , and S2 are input to a color 

35 signal generation circuit (not shown) of a camera. At 
the same time, the signals SO and S2 are added to 
each other by an adder 8. Color signal components 
are removed from the sum signal by a low-pass filter 
(to be referred to as an LPF hereinafter) 10 to extract 

40 only a luminance signal component Acoeff icient mul- 
tiplier 11 multiplies the luminance signal component 
with a predetermined coefficient (0.5) to generate a 
signal S3. Also, from the signal SO, a signal S4 ob- 
tained by extracting only a luminance signal by an 

45 LPF 9 is generated. These signals S3 and S4 are in- 
put to a luminance signal generation circuit of the 
camera, and at the same time, they are added to 
each other by an adder 12 to generate an AF signal 
S5. More specifically, by the 1 H delay elements 6 and 

so 7, the adder 12, the coefficient multiplier 11, and the 
LPFs 9 and 10, a luminance signal and a color signal 
are separated from an image pickup signal and are 
supplied to the corresponding processing circuits, 
and an AF signal for extracting a focus signal is gen- 

55 erated. 

The AF signal S5 is input to a gamma circuit 13, 
and is gamma-converted on the basis of a polygonal 
gamma curve representing characteristics shown in 
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Fig. 7. More specifically, by emphasizing a low-lumi- 
nance component, and suppressing a high-luminance 
component a signal S6, which is gamma-converted 
to control input light of the camera to be proportional 
to the light emission intensity of a cathode-ray tube, 
is generated. The gamma-converted signal S6 is in- 
put to a TE-LPF 14 as an LPF having a high cutoff fre- 
quency, and an FE-LPF 15 as an LPF having a low 
cutoff frequency, and predetermined frequency com- 
ponents are extracted by these LPFs. The filter char- 
acteristic values of the TE-LPF 14 and the FE-LPF 15 
are determined by and supplied from a system con- 
trol microcomputer (to be referred to as a microcom- 
puter hereinafter) 55 via a microcomputer interface 

53. Then, low-frequency components are extracted 
according to the corresponding filter characteristic 
values, thus generating an output signal S7 of the TE- 
LPF 14 and an output signal S8 of the FE-LPF 15. 

A switch 16 is switched in response to a signal 
Line E/O for identifying whether a horizontal scan- 
ning line is an even or odd line, and selectively inputs 
the signals S7 and S8 to a high-pass filter (to be re- 
ferred to as an HPF hereinafter) 17. More specifical- 
ly, when the signal Line E/O indicates an even line, 
the switch 16 supplies the signal S7 to the HPF 17; 
when the signal indicates an odd line, the switch 16 
supplies the signal S8 to the HPF 17. 

The HPF 17 generates a signal S9 by extracting 
only a predetermined high-frequency component 
from the signal S7 or S8 on the basis of filter charac- 
teristic values S11 and S12 for odd and even lines, 
which values are determined by the microcomputer 
55 via the microcomputer interface 53. The signal S9 
is converted into an absolute value by an absolute 
value circuit 18, thus generating a positive signal 
S10. The positive signal S10 is input to peak hold cir- 
cuits 25, 26, and 27, and a line peak hold circuit 31 
for detecting a peak value for each horizontal line. 

A frame (or window) generator 54 sets frames 
such as focus detection regions on a photographing 
field. 

The frame generator 54 generates gate signals 
for setting focusing frames, i.e., L, C, and R frames, 
at positions in the photographing field, as shown in 
Fig. 6. Fig. 6 is an explanatory view for explaining the 
setting positions of the focusing frames in the photo- 
graphing field. As can be seen from Fig. 6, nine rec- 
tangular frames are set in the photographing field. 
The number, sizes, and positions of the frames can 
be properly changed in correspondence with a de- 
sign. Therefore, even and odd horizontal scanning 
lines are moved from the left to the right and from the 
upper position to the lower position of the photo- 
graphing field, thereby detecting information in these 
frames. The peak hold circuit 25 receives the L frame 
forming gate signal output from the frame generator 

54, and the signal Line E/O for identifying whether 
the horizontal line is an even or odd line. At each of 



upper left positions LR1, LR2, and LR3 each corre- 
sponding to the start position of the focusing L frame 
shown in Fig. 6, the L frame peak hold circuit 25 is ini- 
tialized, i.e.; its content is reset, and the circuit 25 

5 holds a peak value of the signal S10 corresponding 
to either one of the even and odd lines, which is des- 
ignated by the microcomputer 55 via the microcom- 
puter interface 53, in each frame, and transfers the 
peak hold value in each frame to a buffer 28 at each 

10 of positions IR1, IR2, and IR3 in Fig. 6, thus generat- 
ing a TE/FE peak evaluation value. 

Similarly, the C frame peak hold circuit 26 re- 
ceives ttie C frame forming gate signal output from 
the frame generator 54, and the signal Line E/O. At 

15 each of upper left positions CR1 , CR2, and CR3 each 
corresponding to the start position of the focusing C 
frame shown in Fig. 6, the peak hold circuit 26 is ini- 
tialized, i.e., its content is reset, and the circuit 26 
holds a peak value of the signal S10 corresponding 

20 to either one of the even and odd lines, which is des- 
ignated by the microcomputer 55 via the microcom- 
puter interface 53, in each frame, and transfers the 
peak hold value in each frame to a buffer 29 at each 
of the positions IR1, IR2, and IR3, thus generating a 

25 TE/FE peak evaluation value. 

Furthermore, similarly, the R frame peak hold 
circuit 27 receives the R frame forming gate signal 
output from the frame generator 54, and the signal 
Line E/O. At each of upper left positions RR1, RR2, 

30 and RR3 each corresponding to the start position of 
the focusing R frame shown in Fig. 6, the peak hold 
circuit 27 is initialized (reset), holds a peak value of 
the signal S10 corresponding to either one of the 
even and odd lines, which is designated by the micro- 

35 computer 55 via the microcomputer interface 53, in 
each frame, and transfers the peak hold value in each 
frame to a buffer 30 at each of the positions IR1, IR2, 
and IR3, thus generating a TE/FE peak evaluation 
value. 

40 The line peak hold circuit 31 receives the signal 

S10, and the L, C, and R frame setting gate signals 
output from the frame generator 54, is initialized, i.e., 
reset at the horizontal start point in each frame, and 
holds a peak value, in one line, of the signal S10 in 

45 each frame. Integration circuits 32, 33, 34, 35, 36, 
and 37 receive the output from the line peak hold cir- 
cuit 31 , and the signal Line E/O for identifying wheth- 
er the horizontal line is an even or odd line. At the 
same time, the integration circuits 32 and 35 receive 

so the L frame signal output from the frame generator 54 
and corresponding to the left side of the photograph- 
ing field, the integration circuits 33 and 36 receive the 
C frame signal output from the frame generator 54 
and corresponding to the central portion of the pho- 

55 tographing field, and the integration circuits 34 and 
37 receive the R frame signal output from the frame 
generator 54 and corresponding to the right side of 
the photographing field. 
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The integration circuit 32 is initialized (i.e., reset) 
at each of the upper left positions LR1 t LR2, and LR3 
each corresponding to the start position of the focus- 
ing L frame, adds the output from the line peak hold 
circuit 31 to the content of its internal register imme- 
diately before the end of each even line in each frame, 
and transfers a peak hold value to a buffer 38 at each 
of the positions IR1 t IR2, and IR3, thus generating a 
line peak integration evaluation value. 

The integration circuit 33 is initialized (i.e., reset) 
at each of the upper left positions CR1, CR2, and 
CR3 each corresponding to the start position of the 
focusing C frame, adds the output from the line peak 
hold circuit 31 to the content of its internal register im- 
mediately before the end of each even line in each 
frame, and transfers a peak hold value to a buffer 39 
at each of the positions 1R1, IR2, and IR3, thus gen- 
erating a line peak integration evaluation value. 

The integration circuit 34 is initialized (i.e., reset) 
at each of the upper left positions RR1 t RR2, and 
RR3 each corresponding to the start position of the 
focusing R frame, adds the output from the line peak 
hold circuit 31 to the content of its internal register im- 
mediately before the end of each even line in each 
frame, and transfers a peak hold value to a buffer 40 
at each of the positions IR1, IR2, and IR3, thus gen- 
erating a line peak integration evaluation value. 

The integration circuits 35, 36, and 37 add data 
of odd lines in place of addition of data of even lines 
in the integration circuits 32, 33, and 34, and transfer 
the sums to buffers 41, 42, and 43, respectively. 

The signal S7 is input to peak hold circuits 19, 20, 
and 21, a line maximum value hold circuit 44, and a 
line minimum value hold circuit 45. The peak hold cir- 
cuit 19 receives the L frame forming gate signal from 
the frame generator 54, is initialized at each of the up- 
per left positions LR1, LR2, and LR3 each corre- 
sponding to the start position of the L frame, holds a 
peak value of the signal S7 in each frame, and trans- 
fers the peak hold value at each of the positions IR1 , 
IR2, and IR3 to a buffer 22, thus generating a lumi- 
nance Y peak evaluation value. 

Similarly, the peak hold circuit 20 receives the C 
frame forming gate signal from the frame generator 
54, is initialized at each of the upper left positions 
CR1, CR2, and CR3 each corresponding to the start 
position of the C frame, holds a peak value of the sig- 
nal S7 in each frame, and transfers the peak hold val- 
ue at each of the positions IR1, IR2, and IR3 to a buf- 
fer 23, thus generating a Y peak evaluation value. 

Furthermore, similarly, the peak hold circuit 21 
receives the R frame forming gate signal from the 
frame generator 54, is initialized at each of the upper 
left positions RR1, RR2, and RR3 each correspond- 
ing to the start position of the R frame, holds a peak 
value of the signal S7 in each frame, and transfers 
the peak hold value at each of the positions IR1, IR2, 
and IR3 to a buffer 24, thus generating a Y peak eval- 



uation value. The line maximum value hold circuit 44 
and the line minimum value hold circuit 45 receive the 
L, C, and R frame forming gate signals from the 
frame generator 54, are initialized at the horizontal 

5 start point in each frame, and respectively hold the 
maximum and minimum values in one line of the sig- 
nal S7 in each frame. 

The held maximum and minimum values are in- 
put to a subtracter 46, and a subtraction (maximum 

10 value Max - minimum value Min) is performed to gen- 
erate a signal S13. The signal S13 is input to peak 
hold circuits 47, 48, and 49. The peak hold circuit 47 
receives the L frame forming gate signal from the 
frame generator 54, is initialized at each of the upper 

15 left positions LR1 , LR2, and LR3 each corresponding 
to the start position of the L frame, holds a peak value 
of the signal S10 in each frame, and transfers the 
peak hold result to a buffer 50 at each of the positions 
IR1, IR2, and IR3, thus generating a Max-Min evalua- 

20 tion value. 

Similarly, the peak hold circuit 48 receives the C 
frame forming gate signal from the frame generator 
54, is initialized at each of the upper left positions 
CR1 , CR2, and CR3 each corresponding to the start 

25 position of the C frame, holds a peak value of the sig- 
nal S10 in each frame, and transfers the peak hold 
result to a buffer 51 at each of the positions 1R1 , IR2, 
and IR3, thus generating a Max-Min evaluation value. 
Similarly, the peak hold circuit 49 receives the R 

30 frame forming gate signal from the frame generator 
54, is initialized at each of the upper left positions 
RR1 , RR2, and RR3 each corresponding to the start 
position of the R frame, holds a peak value of the sig- 
nal S10 in each frame, and transfers the peak hold 

35 result to a buffer 52 at each of the positions IR1 , IR2, 
and IR3, thus generating a Max-Min evaluation value. 

At each of the positions IR1, IR2, and fR3, data 
are transferred to the buffers 22, 23, 24, 28, 29, 30, 
38, 39, 40, 41, 42, 43, 50, 51, and 52, and at the same 

40 time, the frame generator 54 supplies an interrupt 
signal to the microcomputer 55. Upon reception of 
this interrupt signal, the microcomputer 55 reads the 
signal in the buffers 22, 23, 24, 28, 29, 30, 38, 39, 40, 
41, 42, 43, 50, 51, and 52 before the above- 

45 mentioned processing for the frame before the cur- 
rent frame is completed, and the next peak hold re- 
sults are transferred to these buffers. 

The microcomputer 55 drives the motor 57 via the 
motor driver 56 on the basis of the read signals, and 

so the output signal from an iris encoder 58 to move the 
focusing lens 1 in the optical axis direction, thus exe- 
cuting in-focus control. 

Referring to Figs. 2Aand 2B, a portion surround- 
ed by a dotted line is integrated on a one-chip IC. 

55 More specifically, in addition to camera process sys- 
tem circuits such as the A/D converter 5 for convert- 
ing an image pickup signal output from the image 
pickup element 3 into a digital signal, the above- 
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mentioned circuits 6 to 12 for separating and gener- 
ating a luminance signal and a color signal from the 
image pickup signal, which is converted into the dig- 
ital signal by the A/D converter 5, the gamma circuit 
1 3 for performing gamma correction of the luminance 
signal, and the like, filters including low-pass and 
high-pass filters for extracting signals used in focus 
detection from the image pickup signal, more specif- 
ically, predetermined low- and high-frequency com- 
ponents in the image pickup signal, a distance meas- 
urement frame generation circuit comprising the 
frame generator 54 for generating distance measure- 
ment frames L, C, and R whose positions, sizes, and 
the like are controlled in accordance with the photo- 
graphing state or operation information, the plurality 
of peak hold circuits, buffers, and integration circuits 
for processing focus signals corresponding to por- 
tions in the distance measurement frames L, C, and 
R to convert them into evaluation signals represent- 
ing focusing states, a signal processing circuit for per- 
forming predetermined arithmetic operations and 
correction of the signals representing the focusing 
states in the distance measurement frames, and the 
microcomputer interface for exchanging various data 
such as the generated evaluation signals represent- 
ing the focusing states with a system control micro- 
computer of the camera are integrated on a one-chip 
IC. 

Since the circuits are integrated on a one-chip IC, 
control is facilitated as compared to a conventional 
AF system wherein the respective functions are real- 
ized by separate circuits, these circuits and a micro- 
computer formed on another chip are coupled to each 
other via independent interfaces, and various control 
operations are performed via data communications, 
and the operation timings of the respective circuits 
can be uniformly controlled. Since various functions 
necessary for AF control can be integrated on a single 
chip, the number of distance measurement frames 
and their positions in the photographing field can be 
arbitrarily switched in response to an external control 
command or can be automatically switched in accor- 
dance with the photographing state. Therefore, the 
one-chip IC can satisfy various requirements in ac- 
cordance with system design, and versatility can be 
remarkably improved. 

Since the output signal from the image pickup 
element is A/D converted at the input stage of the IC, 
the entire processing can be realized by digital arith- 
metic processing. Therefore, arithmetic operations 
are facilitated, and high-speed processing can be at- 
tained, thus realizing a highly reliable, high-speed AF 
one-chip IC. 

Fig. 3 is a block diagram showing the schematic 
arrangement of the TE-LPF 14 shown in Figs. 2Aand 
2B. In this TE-LPF 14, the signal S6 output from the 
gamma circuit 1 3 is latched by a register 70 at the tim- 
ing of the reference clock CO output from the refer- 



ence clock generator 60. An adder 71 adds the input 
and output signals of the register 70, and outputs the 
sum to a switch 79 and a register 72. 

The register 72 and registers 74 and 76 latch the 

5 input signal at the timing of the reference clock CO. 
An adder 73 adds the input and output signals of the 
register 72, and outputs the sum to the switch 79 and 
the register 74. An adder 75 adds the input and output 
signals of the register 74, and outputs the sum to the 

10 switch 79 and the register 76. An adder 77 adds input 
and output signals of the register 76, and outputs the 
sum to the switch 79. 

A register 78 stores a filter characteristic value 
supplied from the microcomputer 55 via the micro- 

15 computer interface 53. The switch 79 selects one of 
the above-mentioned sums on the basis of the filter 
characteristic value from the register 78, and outputs 
the selected value as the signal S7. 

Fig. 4 is a block diagram showing the schematic 

20 arrangement of the FE-LPF 15 shown in Figs. 2Aand 
2B. In this FE-LPF 15, the signal S6 output from the 
gamma circuit 13 is multiplied with K by a coefficient 
multiplier 80, and the product is input to an adder 81. 
The adder 81 also receives an output signal from a 

25 coefficient multiplier 83, adds the output signals from 
the two coefficient multipliers 80 and 83, and sup- 
plies the sum to a register 82. Note that the value "K" 
in the multiplication with K represents a filter charac- 
teristic value K (to be described later; the same ap- 

30 plies to the following description). 

The register 82 latches the sum supplied from the 
adder 81 in accordance with the reference clock CO 
from the reference clock generator 60, and outputs 
the latched signal to the coefficient multiplier 83 and 

35 a coefficient multiplier 84. The coefficient multiplier 
83 multiplies the sum output from the register 82 with 
(1-K), and outputs the product to the adder 81. The 
coefficient multiplier 84, a coefficient multiplier 87, an 
adder 85, and a register 86 have substantially the 

40 same functions as those of the coefficient multipliers 
80 and 83, the adder 81, and the register 82, except 
that the input signal is the output (the sum) from the 
register 82. A filter characteristic value K supplied 
from the microcomputer 55 is stored in a register 88, 

45 and is supplied to the coefficient multipliers 80, 83, 
84, and 87. 

Fig, 5 is a block diagram showing the schematic 
arrangement of the HPF 17 in Figs. 2A and 2B. In this 
HPF 17, the luminance signal S7/S8 of an even/odd 

so line switched and selected by the switch 1 6 is input to 
a register 90 and a subtracter 96. The luminance sig- 
nal S7/S8 of the even/odd line input to the register 90 
is sequentially transferred to registers 91, 92, 93, and 
94 in accordance with the reference clock CO from 

55 the reference clock generator 60. One of the outputs 
from the registers 91 , 92, 93, and 94 is selected by a 
switch 95, and is input to the subtracter 96. The sub- 
tracter 96 calculates the difference between the lu- 
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minance signal S7/S8 of the even/odd line and the 
signal selected by the switch 95, and outputs a signal 
S9 representing the calculated difference. 

A register 98 stores a filter characteristic value of 
an even line supplied from the microcomputer 55 via 
the microcomputer interface 53, and a register 99 
stores a filter characteristic value of an odd line. A 
switch 97 is switched by the signal Line E70 as a sig- 
nal for identifying whether the current horizontal line 
is an even or odd line. When the signal Line E/O in- 
dicates an even line (Line E signal), the switch 97 out- 
puts the filter characteristic value of an even line in 
the register 98 as its selection signal; when the signal 
Line E/O indicates an odd line (Line O signal), the 
switch 97 outputs the filter characteristic value of an 
odd line in the register 99 as its selection signal. More 
specifically, these filters are realized by digital filters 
in the AF IC AFP. In this embodiment, the filter char- 
acteristic value of an even line is set to have a higher 
pass frequency than that of the filter characteristic 
value of an odd line. More specifically, two different 
HPFs having different frequency bands can be real- 
ized in correspondence with even and odd lines, and 
information from these HPFs can be obtained during 
one field period, thus achieving high-speed AF proc- 
essing. 

Fig. 6 is an explanatory view showing frame im- 
ages in the photographing field and for explaining the 
timings in the overall photographing field. An outer 
frame shown in Fig. 6 represents an effective field re- 
gion of the image pickup signal output from the image 
pickup element 3. Inner horizontally three-divided 
frames are focusing gate frames, and the L frame in 
the left column, the C frame in the central column, 
and the R frame in the right frame are formed by the 
above-mentioned gate signals output from the frame 
generator 54. 

in orderto f urtherdivide these L, C, and Rf rarhes 
in the vertical direction, a reset signal is output three 
times for each of the L, C, and R frames within one 
photographing field, i.e., reset timing signals LR1, 
LR2, LR3, CR1, CR2, CR3, RR1, RR2, and RR3 are 
generated, thereby resetting the integration circuits, 
the peak hold circuits, and the like. Data transfer sig- 
nals IR1, IR2, and IR3 are generated to transfer the 
integration values and peak hold values to the corre- 
sponding buffers. Even field scanning is indicated by 
a solid line, and odd field scanning is indicated by a 
dotted line. In even and odd fields, the output from 
the TE-LPF 14 is selected for an even line, and the 
output from the FE-LPF 15 is selected for an odd line. 

More specifically, scanning operations for the 
entire photographing field will be examined below. In 
scanning in the distance measurement frames, the 
three areas are reset at the upper left edges of the L, 
C, and R frames by LR1, CR1, and RR1, and when 
scanning of these three areas is completed, i.e., at 
the timing IR1, peak values corresponding to even 



and odd lines of these three areas are output. 

Similarly, peak values are output in correspon- 
dence with the middle three areas starting from LR2, 
CR2, and RR2, and the lower three areas starting 

5 from LR3, CR3, and RR3. 

With the above-mentioned operations, the peak 
values of focus signals (high-frequency components) 
in the nine distance measurement frames can be ob- 
tained. Therefore, the focusing state in the photo- 

10 graphing field can be detected over a wide range 
within a short period of time, and the distance meas- 
urement frame corresponding to a photographing 
state can, be selected. 

As described above, in the AF IC of the present 

15 invention, evaluation values TE peak hold and FE 
peak hold obtained by holding peak values in units of 
even and odd lines in the nine distance measurement 
frames, evaluation values TE Line peak sum and FE 
Line peak sum obtained by integrating the peak hold 

20 values in units of even and odd lines in the nine dis- 
tance measurement frames, Max-Min evaluation val- 
ues as differences between the maximum and mini- 
mum values of the peak hold values in units of lines 
in the nine distance measurement frames, and peak 

25 hold values Y peak hold of a luminance Y in the nine 
distance measurement frames are generated. These 
AF evaluation signals are output to the external sys- 
tem control microcomputer 55 via the microcomputer 
interface 53, and are used in AF control. 

30 Also, an interrupt signal for issuing an interrupt 

request to the system control microcomputer 55 upon 
execution of processing based on the outputs from 
the AF IC is generated. 

More specifically, since the AF control is execut- 

35 ed as interrupt processing, parallel processing with 
other processing operations is allowed in the whole 
system, and a system with high efficiency can be re- 
alized. 

Since the AF IC AFP of the present invention per- 

40 forms processing such as Y/C separation at the input 
portion from the image pickup element, and this 
processing portion can be commonly used by a video 
signal processing circuit (not shown), the IC of the 
present invention satisfactorily matches with a video 

45 signal processing system of a video camera, and has 
high versatility. 

Fig. 7 is a graph showing the input/output char- 
acteristics of the gamma circuit 13 shown in Figs. 2A 
and 2B. The input signal S5 is plotted along the ab- 

so scissa, and the output signal S6 is plotted along the 
ordinate. Note that data representing the input/output 
characteristics are stored in the gamma circuit 13 in 
the form of a table. 

The utilization methods, in in-focus control, of 

55 the TE/FE peak evaluation values, TE line peak inte- 
gration evaluation value, FE line peak integration 
evaluation value, Y peak evaluation value, and Max- 
Min evaluation value in each frame will be described 
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below. 

Since the TE/FE peak evaluation values are re- 
spectively evaluation values representing the in-fo- 
cus degrees in even and odd lines, and are non-inte- 
grated peak hold values close to real-time values, 
they have relatively low object dependency, and suf- 
fer less the influence of, e.g., a camera shake. There- 
fore, the TE/FE peak evaluation values are suitable 
for in-focus degree discrimination and redriving dis- 
crimination, which require quick discrimination. Since 
the TE line peak integration evaluation value and the 
FE line peak integration evaluation value are stable 
evaluation values free from noise due to the integra- 
tion effect although they also represent the in-focus 
degrees, these values suffer less the influence of in- 
stantaneous noise, and are suitable for direction dis- 
crimination. Furthermore, since both the TE (even 
line) peak evaluation value and the TE line peak eval- 
uation value are obtained by extracting higher high- 
frequency components than those of the FE values, 
they are suitable for in-focus control near an in-focus 
position. In contrast to this, the FE (odd line) values 
are suitable for a considerably out-of-focus state far 
from an in-focus position. Since the Y (luminance) 
peak evaluation value and the Max-Min evaluation 
value do not depend much on the in-focus degree but 
depend on an object in question, they are suitable for 
determining an object condition so as to reliably exe- 
cute in-focus degree discrimination, redriving dis- 
crimination, and direction discrimination. More spe- 
cifically, a high- or low-luminance object is discrimin- 
ated based on the Y peak evaluation value, and the 
contrast is discriminated based on the Max-Min eval- 
uation value, so as to estimate and correct the size 
of a hill defined by the TE/FE peak evaluation values, 
TE line peak integration evaluation value, and FE line 
peak integration evaluation value, thus performing 
optimal in-focus control. 

The AF operation will be described below with 
reference to the flowchart in Fig. SAandan operation 
explanatory view in Fig. 8B. 

When the system is driven (step S1), the micro- 
computer 55 executes hill-climbing control by execut- 
ing speed control based on the level of the TE/FE 
peak evaluation values, improving detection preci- 
sion using the TE line peak integration evaluation val- 
ue of the high frequency component near a hill top, 
and executing direction control mainly using the FE 
line peak integration evaluation value of the low fre- 
quency component having horizontally spread hill 
characteristics at the foot of the hill (step S2). Then, 
the microcomputer 55 discriminates a hill top by. cal- 
culating a maximal value of the level on the basis of 
the absolute values of the TE/FE peak evaluation val- 
ues and changes in TE line peak integration evalua- 
tion value (step S3). The microcomputer 55 stops the 
control at the highest-level point, and waits for redriv- 
ing (step S4). 



In the waiting state for redriving, the microcom- 
puter 55 redrives the system when it detects a de- 
crease in level of the TE/FE peak evaluation values 
(step S5). In the loop of the AF operation, the degree 

5 of execution of speed control using the TE/FE peaks, 
the absolute level used upon discrimination of the hill 
top, the change in TE line peak integration evaluation 
value, and the like are determined based on a predic- 
tion result which is obtained by predicting the size of 

io a hill by discriminating an object using the Y peak 
evaluation value and the Max-Min evaluation value. 

. Furthermore, near-distance priority focusing 
control is performed using the nine focusing frame 
data. The Y peak evaluation values in the nine focus- 

15 ing frames are checked to exclude, from the focusing 
control, frames which have reached a saturation lev- 
el. Changes in TE line peak integration evaluation 
values and FE line peak integration evaluation values 
of all focusing frames whose Y peaks have not 

20 reached the saturation level are checked. When the 
evaluation values in all the frames are increasing in 
the same direction, the above-mentioned AF control 
is executed using the evaluation value having the 
highest level. However, when the increasing direc- 

25 tions of the evaluation values are different from each 
other, AF control is performed using the evaluation 
value having the highest level of those of frames 
whose evaluation values increased upon driving in 
the nearest direction, thus allowing the near-distance 

30 priority focusing control. 

When the direction control is executed using the 
TE and FE line peak integration values in step S2, or 
when the hill top is discriminated based on the TE/FE 
peak evaluation values or changes in TE line peak in- 

35 teg rat ion evaluation value, since the levels of the 
evaluation values vary due to a difference in object 
or a change in brightness or contrast, focus detection 
may be performed by normalizing the evaluation val- 
ues by the Max-Min evaluation value so as to elimin- 

40 ate the influence of the change in contrast, thus re- 
alizing focus detection with higher precision. 

The TE/FE peak evaluation values, the TE line 
peak integration evaluation value, and the FE line 
peak integration evaluation value may be normalized 

45 by the Y peak evaluation value in place of the Max- 
Min evaluation value. In this case, the influence of the 
change in brightness of an object can be eliminated. 

When the evaluation values are used in the proc- 
essing in steps S2, S3, S4, and S5, the Y peak eval- 

so uation values in the nine focusing frames are detect- 
ed. Thus, evaluation values for high-precision focus 
detection cannot be obtained from focusing frames 
with saturated luminance levels. For this reason, 
when the detected evaluation values of the corre- 

55 s pond ing frames are excluded upon execution of fo- 
cus detection, focus control can be stably performed 
with high precision. 

As described above, according to the above- 
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mentioned AF apparatus, since the peak values and 
(maximum value - minimum value) of the luminance 
signals in a plurality of focus detection regions are de- 
tected, and focus detection signals in the plurality of 
focus detection regions are corrected by these val- 
ues, in-focus states of every objects can be stably 
achieved independently of the states of the objects 
and the photographing conditions. 

Since the above-mentioned various functions 
necessary for AF control are integrated in a one-chip 
IC, an AF function, which can achieve in-focus states 
of every objects independently of the states of the ob- 
jects and the photographing conditions, can be easily 
mounted in a camera, and the number of distance 
measurement frames and their positions in the pho- 
tographing field can be arbitrarily switched in re- 
sponse to an external control command or can be au- 
tomatically switched in accordance with the photo- 
graphing state. Therefore, various requirements in 
accordance with system design can be met, and ver- 
satility can be remarkably improved. 

The second embodiment of the present invention 
will be described below. The second embodiment dis- 
closes an AF apparatus which can achieve high- 
speed, high-precision AF control. In this embodiment 
as well, high-speed AF control is achieved, focus 
evaluation values can be detected from a video signal 
without any time lag to realize quick AF control, and 
AF evaluation values are obtained in units of horizon- 
tal scanning lines. Of course, the AF IC in the above- 
mentioned first embodiment can be used. 

This embodiment will now be described in turn 
from its background. 

In recent years, automatic focus detection appa- 
ratuses used in video equipment such as a video 
camera, an electronic still camera, and the like pop- 
ularly adopt a so-called hill-climbing system which 
extracts a high-frequency component in a video sig- 
nal from an image pickup element such as a CCD as 
a focus signal, and moves a photographing lens (mov- 
able optical means) of an image pickup optical sys- 
tem to an in-focus position by executing driving con- 
trol for maximizing the focus signal (in-focus evalua- 
tion signal), in place of an infrared projection system 
for performing AF control by triangular distance 
measurement. The hill-climbing automatic focus de- 
tection apparatus does not require any special optical 
members for focusing, and can precisely perform fo- 
cusing independently of far and near distances. 

Fig. 15 is an explanatory view of focus detection 
based on the hill-climbing system. In a considerably 
out-of-focus state, a photographing tens (focusing 
lens) as movable optical means is moved at high 
speed. In this case, when a focus signal increases, 
the photographing lens is kept moved in the same di- 
rection; when a focus signal decreases, the photo- 
graphing lens is moved in the opposite direction. That 
is, the photographing lens is always moved in a direc- 



tion to increase an in-focus evaluation value obtained 
from the focus signal. When the focus signal exceeds 
a predetermined value, the moving speed of the pho- 
tographing lens is decreased to slowly climb a hill, 

5 and the movement of the photographing lens is stop- 
ped at a point A corresponding to the maximum in-fo- 
cus evaluation value. In this case, a focus signal is ex- 
tracted from a video signal using a plurality of filters 
having different frequency bands, and focus signals 

10 from these filters are simultaneously monitored, or 
the focus signal is monitored by switching the filters 
for each vertical synchronization signal, thereby dis- 
criminating a state near an in-focus state or a consid- 
erably out-of-focus state. 

15 In focus detection of the hill-climbing system, 

wobbling (finely reciprocally oscillating a focusing 
lens along the optical axis direction to discriminate a 
direction) is performed as an auxiliary operation of 
AF control. Normally, a change in focus signal is de- 

20 tected in synchronism with this wobbling, the moving 
direction to achieve an in-focus state of the photo- 
graphing lens is calculated, and the photographing 
lens is moved in the calculated direction to execute in- 
focus control. 

25 In focus detection of the hill-climbing system, 

when focus signals obtained from the plurality of fil- 
ters having different frequency bands are always 
fetched, absolute value circuits and peak hold circuits 
are required in correspondence with the number of 

30 filters, and the circuit arrangement is complicated. 
When the plurality of filters having different frequen- 
cy bands are switched in correspondence with verti- 
cal synchronization signals, the above-mentioned 
circuits can be commonly used by the filters. How- 

35 ever, in this case, when, e.g., three filters are used, 
a focus detection result can only be obtained every 
three vertical synchronization signals. For this rea- 
son, a temporal shift occurs between focus detection 
information and the current vfdeb signal, and ad- 

40 versely affects focus detection control precision. 

In focus detection of the hill-climbing system, a 
so-called out-of-focus stop phenomenon that an in- 
focus state of an object to be focused cannot be at- 
tained due to a spurious resolution or far/near conten- 

45 tion. For example, when a user carries a video cam- 
era set in an AF mode while holding a hand grip with 
his or her hand, the direction of the video camera con- 
tinuously changes, and the focusing lens is perform- 
ing a high-speed search operation for searching an 

so object When the user directs the video camera to an 
object to be photographed from this state, and per- 
forms an image recording/photographing operation, 
the focusing lens is normally in an out-of-focus state. 
In particular, when the blur amount is small, since the 

55 driving speed of the photographing lens is low, a spu- 
rious resolution is easily focused, and the out-of-fo- 
cus stop phenomenon tends to occur. When an image 
recording operation is started in this state, since the 
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image recording operation is performed in an out-of- 
focus state,- the user must shake the video camera or 
must perform a manual focusing operation, resulting 
in a troublesome operation. 

Furthermore, in focus detection of the hill- 
climbing system, in a considerably out-of-focus state 
wherein a focus signal does not change even after 
wobbling (finely reciprocally oscillating a focusing 
lens along the optical axis direction to discriminate a 
direction), only a change in noise signal can often be 
detected, and the calculation result of the moving di- 
rection becomes unreliable. In this case, the photo- 
graphing lens is moved in the calculated direction in 
any way, and the driving operation of the photograph- 
ing lens is continued until the focus signal starts to 
change in accordance with the driving operation of 
the photographing lens. In this case, if the driving di- 
rection coincides with an in-focus point direction, an 
in-focus state can be easily attained. Otherwise, an 
in-focus state is attained afterthe photographing lens 
is moved to the infinite or nearest end, and the mov- 
ing direction is reversed, thus requiring a long time 
for attaining an in-focus state. 

This embodiment has been made in considera- 
tion of the current situation of automatic focus detec- 
tion described above, and has as its first object to 
provide an automatic focus detection apparatus 
which can eliminate a time lag between focus detec- 
tion information and the current video signal, and can 
perform high-precision focus detection. 

It is the second object of this embodiment to pro- 
vide an automatic focus detection apparatus which 
can prevent an out-of-focus stop phenomenon at the 
beginning of image recording, and can always per- 
form image recording in a satisfactory focusing state. 

Furthermore, it is the third object of this embodi- 
ment to provide an automatic focus detection appa- 
ratus which can attain an in-focus state with a high 
probability from an out-of-focus state within a short 
period of time. 

According to this embodiment, in order to achieve 
the first object, there is disclosed an automatic focus- 
ing apparatus for performing focusing by detecting a 
high-frequency component in an image pickup signal, 
comprising: a plurality of band-pass filters having dif- 
ferent frequency bands; switching means for switch- 
ing the plurality of band-pass filters; horizontal peak 
hold means for holding a peak value of an output from 
the band-pass filter selected by the switching means 
in synchronism with a horizontal synchronization sig- 
nal; vertical peak hold means for holding a peak value 
of an output from the horizontal peak hold means in 
a vertical direction; and control means for performing 
focusing on the basis of the outputs from the horizon- 
tal and vertical peak hold means. 

In order to achieve the second object, according 
to this embodiment, there is disclosed an automatic 
focus detection apparatus comprising: in-focus de- 



tection means for detecting an in-focus state on the 
basis of a focus signal extracted from a video signal; 
discrimination means for discriminating a transition 
from an image recording standby state to an image 

5 recording state; and control means for, when the dis- 
crimination means discriminates the transition in the 
image recording standby state wherein the in-focus 
detection means detects the in-focus state, red riving 
the in-focus detection means to perform an in-focus 

10 operation again. 

Furthermore, in order to achieve the third object, 
there is disclosed an automatic focus detection appa- 
ratus comprising: in-focus detection means for de- 
tecting an in-focus state on the basis of a focus signal 

15 extracted from a video signal; and control means for, 
when the in-focus detection means cannot detect a 
driving direction of a focus lens on the basis of the fo- 
cus signal, causing the in-focus detection means to 
move the focusing lens in a direction determined by 

20 a position of the focusing lens and a predetermined 
standard object position. 

In this apparatus, a video signal output from an 
image pickup optical system is input to a plurality of 
band-pass fitters having different frequency bands, 

25 and filtered focus signals output from the band-pass 
f i Iters are sequentially selectively output by switching 
means. The selected focus signal is converted into an 
absolute value by an absolute value circuit. The peak 
value of the focus signal, which is converted into the 

30 absolute value, is held by a horizontal peak circuit in 
synchronism with a horizontal synchronization signal 
by a horizontal peak hold circuit, and the peak-hold fo- 
cus signal is selectively input to a plurality of vertical 
peak hold circuits by switching means to be sequen- 

35 tially peak-held in the vertical direction. In this man- 
ner, focus signals are obtained by filtering in real 
time, and focusing means can precisely move mov- 
able optical means to an in-focus position determined 
by in-focus detection means on the basis of the focus 

40 signals output from the vertical peak hold circuits. 

When discrimination means discriminates a tran- 
sit ion from an image recording standby state to an im- 
age recording state in an image recording standby 
state wherein the in-focus detection means determi- 

45 nes an in-focus state, control means redrives in-focus 
control by causing the focusing means to move the 
movable optical means from a position which is de- 
termined as an in-focus position, thus performing im- 
age recording free from any out-of-focus stop phe- 

50 nomenon. 

When the driving direction of the movable optical 
means cannot be detected on the basis of a focus sig- 
nal, the control means operates the focusing means 
to move the movable optical means in a direction de- 

55 ter mined by the position of the movable optical 
means and a standard object position, thus quickly 
attaining an in-focus operation. 

The third embodiment of the present invention 
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will now be described. The third embodiment will be 
described below with reference to Fig. 9. 

Referring to Fig. 9, a focusing lens 101 is used for 
performing focusing in a photographing optical sys- 
tem for performing focusing and zooming operations. 
The focusing lens 101 focuses an optical image of an 
object on the image pickup surface of an image pick- 
up element 1 02 such as a CCD, and the optical image 
is photoelectrical^ converted by the CCD 102, there- 
by obtaining a video signal of the object. The video 
signal is sampled and held by a CDS circuit 103 con- 
nected to the CCD 102, and is amplified by an AGC 
circuit 104 connected to the CDS circuit 103. The am- 
plified video signal is then A/D-converted by ah A/D 
converter 121 connected to the AGC circuit 104. The 
A/D-converted video signal is subjected to matrix 
processing in a matrix circuit 126 connected to the 
A/D converter 121, and is then subjected to gamma 
correction processing in a gamma circuit 127 con- 
nected to the matrix circuit 126. The video signal is 
subjected to signal processing (e.g., addition of syn- 
chronization signals) in an encoder circuit 128 con- 
nected to the gamma circuit 127 soas to be converted 
into a television signal of an applicable standard. The 
television signal is supplied to a video recorder, an 
electronic view finder, and the like. 

At the same time, the video signal A/D-converted 
by the A/D converter 121 is input to a plurality of band- 
pass filters (BPFs) 109a and 109b, which are con- 
nected in parallel with the A/D converter 121, and 
have different frequency bands, and the BPFs 109a 
and 109b respectively output focus signals obtained 
by band-passing the video signal. The output termi- 
nals of the BPFs 109a and 109b are connected to an 
absolute value circuit 110 via a selection switch 114a, 
which is switched in synchronism with a horizontal 
synchronization signal HD. The focus signals output 
from the BPFs 109a and 1 09b are selectively input to 
the absolute value circuit 110 by the selection switch 
114a in correspondence with each horizontal syn- 
chronization signal, and the peak value, in the hori- 
zontal direction, of the signal outputfrom the absolute 
value circuit 110 is held by a horizontal peak hold cir- 
cuit 111. 

The horizontal peak hold circuit 111 is connected, 
via a selection switch 114b, in parallel with vertical 
peak hold circuits 112a and 112b respectively for 
even and odd lines. The peak values of the horizon- 
tally peak-hold focus signals for even and odd lines 
are respectively and alternately held by the vertical 
peak hold circuits 112a and 112b upon switching of 
the selection switch 114b, which is interlocked with 
the selection switch 114a, in synchronism with the 
horizontal synchronization signal. The focus signals, 
which are peak-held respectively in even and odd 
lines, are input to a microcomputer 113 as AF, control 
means connected to the vertical peak hold circuits 
1 1 2a and 1 1 2b. The microcomputer 113 moves the fo- 



cusing lens 101 to an in-focus position by driving a 
motor 130 connected to the microcomputer 113 on 
the basis of the focus signals with reference to a de- 
tection signal from an encoder (not shown) for detect- 

5 ing the position of the focusing lens 101, and a detec- 
tion signal from an iris encoder (not shown) for detect- 
ing the degree of opening of an iris (not shown). 

Since the focus signals output from the BPFs 
109a and 109b are switched in correspondence with 

10 each horizontal synchronization signal, the focus sig- 
nals from the filters having different frequency bands 
can be obtained in real time, and the focus signals 
from the plurality of filters can be obtained in corre- 
spondence with one vertical synchronization period 

is without causing any time delay between focus detec- 
tion information and the current video signal, thus at- 
taining high- precision in-focus control. 

In this manner, according to the third embodi- 
ment, the focus signals from the BPFs 109a and 109b 

20 having different frequency bands can be obtained 
within a short period of time, and high- precis ion in-fo- 
cus control can be attained without causing any time 
delay between focus detection information and the 
current video signal. In addition, the circuit arrange- 

25 ment can be simplified and the manufacturing cost 
can be reduced by commonly using the absolute val- 
ue circuit 110, the horizontal peak hold circuit 111, and 
the vertical peak hold circuits 112a and 112b for each 
frequency band. 

30 The fourth embodiment will be described below 

with reference to Figs. 10 to 12. Fig. 10 is a block di- 
agram showing the arrangement of the fourth em- 
bodiment, Fig. 11 is a flow chart showing an operation 
of a camera microcomputer, and Fig. 1 2 is a flow chart 

35 showing an operation of a recorder microcomputer. 

Referring to Fig. 1 0, a focusing lens 1 01 A is mov- 
able along the optical axis by a focusing driver 125A. 
Azoom lens system 101B, which is movable along the 
. optical axis by a zoom driver 125B, is arranged after 

40 the focusing lens 101 A, and the focusing lens 101 A 
and the zoom lens 101B constitute movable optical 
means. An iris 122 whose degree of opening is con- 
trolled by an iris driver 124 is arranged after the zoom 
lens system 1B, and a correction lens 120 is arranged 

45 after the iris 122. 

The focusing lens 101 A, the zoom lens system 
101B, the iris 122, and the correction lens 120 focus 
an optical image of an object on the image pickup 
surface of a CCD 103 arranged after the correction 

so lens 120. The optical image is photoelectrical^ con- 
verted by the CCD 1 02, thereby obtaining a video sig- 
nal. The video signal is amplified by a preamplifier 
112 connected to the CCD 103, and is A/D-converted 
by an A/D converter 121 connected to the preampli- 

55 fier 112. The A/D-converted video signal is input to a 
process circuit 113 connected to the A/D converter 
1 21 . The process circuit 113 performs gamma correc- 
tion processing, blanking processing, and addition 
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processing of synchronization signals to t he input vid- 
eo signal to convert the video signal into a television 
signal of a desired standard. The television signal is 
supplied to a video recorder, an electronic viewf inder, 
and the like. 

At the same ti me, the video signal A/D-converted 
by the A/D converter 121 is input to a BPF 109 con- 
nected to the A/D converter 121. The BPF 109 filters 
a high-frequency component in the video signal as a 
focus signal, and the obtained focus signal is input to 
a gate circuit 115 connected to the BPF 109. The gate 
circuit 115 performs gate processing for selecting a 
signal component in a focus detection region in a pho- 
tographing field from the focus signal, and the gated 
focus signal is input to a peak hold circuit 11 6 connect- 
ed to the gate circuit 115. Thus, only the maximum 
value of the focus signal is input to a camera micro- 
computer 117 connected to the peak hold circuit 116. 

The output terminals of the camera microcomput- 
er 117 are connected to the focusing driver 125A, the 
zoom driver 125B, and the iris driver 124, and its input 
terminals are connected to a focusing encoder 1 05 for 
detecting the position of the focusing lens 101 A, a 
zoom encoder 106 for detecting the position of the 
zoom lens system 101B, an iris encoder 107 for de- 
tecting the degree of opening of the iris 122, and a re- 
corder microcomputer 118 for outputting a signal cor- 
responding to an ON/OFF state of an image recording 
trigger switch 123. The camera microcomputer 117 
supplies a control command to the focusing driver 
125A and the zoom driver 125B on the basis of the 
focus signal from the peak hold circuit 116 with refer- 
ence to the focusing lens position signal from the fo- 
cusing encoder 105, the zoom lens position signal 
from the zoom encoder 106, the opening degree sig- 
nal from the iris encoder 1 07, and the signal from the 
recorder microcomputer 118, thereby executing an in- 
focus control operation of the focusing lens 101Aand 
the zoom lens system 101 B. In this case, in the fourth 
embodiment, when an image recording standby state 
transits to an image recording state, the camera mi- 
crocomputer 117 makes control to prevent image re- 
cording in an out-of-focus state focused with a spuri- 
ous resolution. 

The operation of the camera microcomputer 117 
will be described below with reference to the flow 
chart in Fig. 11. When an image recording operation 
by a video camera set in an AF mode is started in step 
S101, the signal from the recorder microcomputer 
118 is fetched to check in step S1 02 if the image re- 
cording standby (REC PAUSE) state transits to the 
image recording (REC) state. If YES in step S102, the 
flow advances to step S103 to discriminate if an in- 
focus state is attained. If YES in step S103, the flow 
advances to step S104 to perform a wobbling opera- 
tion for discriminating an in-focus direction by defo- 
cusing the focusing lens 101 A, i.e., by reciprocally 
and slightly oscillating the lens 101 Aalong the optical 



axis direction. The flow then advances to step S105 
in a defocus state, and an AF operation is performed 
on the basis of the direction discriminated as a result 
of the wobbling operation in step S104. 

5 If it is determined in step S102 that the REC 

PAUSE state does not transit to the REC state, or if 
it is determined in step S103 that an in-focus state is 
not attained, the flow jumps to step S105 to perform 
a normal AF operation. 

10 The operation of the recorder microcomputer 118 

will be described below with reference to the flow 
chart in Fig. 12. The operation is started in step S201 , 
and the flow advances to step S202. In step S202, it 
is checked based on the ON/OFF state of the image 

15 recording trigger switch 123 if the REC PAUSE state 
transits to the REC state. If YES In step S202, the 
flow advances to step S203 to output, to the camera 
microcomputer 117, a signal indicating that the REC 
PAUSE state transits to the REC state. On the other 

20 hand, if NO in step S202, the flow advances to step 
S204 to output, to the camera microcomputer 117, a 
signal indicating that the REC PAUSE state does not 
transit to the REC state; 

As described above, according to the fourth err* 

25 bodiment, when an image recording operation is per- 
formed by the video camera set in the AF mode, if an 
in-focus state is discriminated when it is discriminat- 
ed that the REC PAUSE state transits to the REC 
state, the wobbling operation for discriminating an in- 

30 focus direction by defocusing the focusing lens 1 01 A 
is performed, and in-focus control is redriven. There- 
fore, the out-of-focus stop phenomenon can be auto- 
matically prevented, and the image recording opera- 
tion can always be performed in a satisfactory focus- 

35 ing state. 

The fifth embodiment will be described below 
with reference to Figs. 13 and 14. Fig. 13 is a block 
diagram showing the arrangement of the fifth em- 
bodiment, and Fig. 14 is an explanatory view of the 

40 operation of the fifth embodiment. 

Referring to Fig. 13, a focusing lens 101 is used 
for performing focusing in a photographing lens for 
performing focusing and zooming operations. An opt- 
ical image of an object is formed by the focusing lens 

45 101 on the image pickup surface of a CCD 102, and 
the optical image is photoelectrical^ converted by 
the CCD 102, thus obtaining a video signal of an ob- 
ject The video signal is sampled and held by a CDS 
circuit 103 connected to the CCD 102, and is ampli- 

50 fied by an AGC circuit 104 connected to the CDS cir- 
cuit 103. The amplified video signal is A/D-converted 
by an A/D converter 121 connected to the AGC circuit 
104. The A/D-converted video signal is subjected to 
matrix processing, gamma correction processing, 

55 and encoding processing by a process circuit 150, 
and the processed signal is supplied to a video recor- 
der, an electronic view finder, and the like. 

At the same ti me, the video signal A/D-converted 
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by the A/D converter 121 is input to a BPF 109, and 
a focus signal is obtained by filtering a high- 
frequency component of the video signal. The focus 
signal is input to a gate circuit 115 connected to the 
BPF 109. The gate circuit 115 performs gate process- 
ing for selecting a signal component in a focus detec- 
tion region in a photographing field from the focus sig- 
nal, and the gated focus signal is input to a microcom- 
puter 11 3 as AF control means connected to the gate 
circuit 115. 

The microcomputer 113 is connected to the out- 
put terminal of an encoder 1 05A for detect ing the pos- 
ition of the focusing lens 101. The microcomputer 11 3 
inputs a command signal to a motor driver 125 con- 
nected to the microcomputer 113 on the basis of the 
input focus signal with reference to a detection signal 
from the encoder 105A. The motor driver 125 drives 
a pulse motor 130 on the basis of the input command 
signal, and the focusing lens 101 is moved to an in- 
focus position by the pulse motor 130, thus attaining 
an in-focus operation. 

In the fifth embodiment, in a hill-climbing AF con- 
trol operation, when the focusing lens 101 is located 
at a position largely separated from an in-focus point 
A (in a considerably out-of-focus state), as indicated 
by a point C in Fig. 14, and when the focus signal 
changes little and direction discrimination cannot be 
precisely performed even upon a wobbling operation, 
the microcomputer 113 generates a command signal 
for driving the movable optical means in a direction 
determined by a standard object position where an 
object is present with a high probability, and the cur- 
rent position of the focusing lens 101. More specifi- 
cally, when the difference between the focus signal 
obtained by driving the pulse motor 130 by a prede- 
termined number of pulses in the infinite direction, 
and the focus signal obtained by driving the pulse mo- 
tor 130 by the same predetermined number of pulses 
in the nearest direction is equal to or smaller than a 
predetermined value, if the focusing lens 101 is driv- 
en in the discriminated direction like in the prior art, 
the focusing lens 101 may be driven in a direction op- 
posite to the in-focus direction. In this case, accord- 
ing to this embodiment, the current position of the fo- 
cusing lens 101 is compared with the standard object 
position (object distance of 5 m to 10 m) where an ob- 
ject is present with a high probability so as to discrim- 
inate if the focusing lens is to be moved in the nearest 
or infinite direction, and the microcomputer 113 gen- 
erates a command signal for driving the focusing lens 
101 in the discriminated direction. 

In this case, in the prior art, if the focusing lens 
101 is located at the point C in Fig. 14, the focusing 
lens 101 is driven at high speed in the discriminated 
direction first of all. For this reason, if the driving di- 
rection is wrong, the focusing lens is kept driven until 
it abuts against the infinite or nearest end and is re- 
versed, and the focus signal increases, thus requiring 



a long period of time until the focusing tens reaches 
an in-focus point. However, in the fifth embodiment, 
when a change in focus signal is very small even after 
the wobbling operation in such a considerably out-of- 

5 focus state, an in-focus operation is performed by 
discriminating the driving direction of the focusing 
lens 101 on the basis of the current position of the fo- 
cusing lens 101 and the standard object position 
where an object is present with a high probability. For 

10 this reason, a wrong direction discrimination result 
will not be obtained even in a considerably out-of-fo- 
cus state, and the in-focus operation can be per- 
formed within a short period of time. 

According to the third embodiment focus signals 

15 output from the BPFs and filtered by the plurality of 
frequency bands are selectively output and convert- 
ed into absolute values by the absolute value circuit. 
The peak values of the focus signals output from the 
absolute value circuit are held in synchronism with 

20 the horizontal synchronization signal. The peak-hold 
focus signals are selectively input to the plurality of 
vertical peak hold circuits, and their peak values are 
sequentially held in the vertical direction. For this 
reason, focus signals are obtained by filtering in real 

25 time, and the focusing means moves the movable 
optical means to an in-focus position discriminated 
by the in-focus detection means, thus allowing high- 
precision in-focus control. In addition, since principal 
circuits can be commonly used for each frequency 

30 band, the circuit arrangement can be simplified and 
the manufacturing cost can be reduced. 

According to the fourth embodiment, when the 
discrimination means discriminates a transition from 
the image recording standby state to the image re- 

35 cording state in the image recording standby state 
wherein the in-focus detection means discriminates 
an in-focus state, the control means redrives the in- 
focus operation by controlling the focusing means to 
shift the movable optical means from a position dis- 

40 criminated as an in-focus position. Therefore, the out- 
of-focus stop phenomenon can be automatically pre- 
vented, and the image recording operation can al- 
ways be performed in a satisfactory focusing state. 
According to the fifth embodiment, when the 

45 driving direction of the focusing lens cannot be de- 
tected on the basis of the focus signal, the control 
means operates to move the focusing lens in a direc- 
tion determined by the position of the focusing lens 
and a predetermined standard object position. There- 

so fore, a wrong direction discrimination result will not 
be obtained even in a considerably out-of-focus state, 
and the focusing lens can be controlled to reach an 
in-focus state within a short period of time and with 
a high probability. 

55 
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Claims 

1. A one-chip integrated circuit for focus control, 
'. comprising: 

(A) filter means for extracting a predeter- 5 
mined frequency component, which changes 

in accordance with a focusing state, from an 
image pickup signal; 

(B) gate means for allowing only a predeter- 
mined signal component, corresponding to a 10 
portion in a predetermined focus detection re- 
gion in a photographing field, of the signal out- 
put from said filter means to pass there- 
through; 

(C) arithmetic means for generating an eval- 15 
uation signal of the focusing state by perform- 
ing predetermined processing for the prede- 
termined signal component extracted by said 
filter means; 

(D) gate control means for controlling posi- 20 
tions or the number of focus detection regions 

in the photographing field by controlling said 
gate means; and 

(E) interface means for making said filter 
means, said gate means, said arithmetic 
means, and said gate control means accessi- 
ble by an external control circuit 



A circuit according to claim 1, wherein the exter- 
nal control circuit comprises a microcomputer 
having a control interrupt control line. 



25 



3. An automatic focus control apparatus using a 
one-chip integrated circuit for focus control, com- 
prising: 35 

(A) focusing means for performing focusing; 

(B) image pickup means; 

(C) an integrated circuit for focus detection for 
outputting an evaluation signal, which 
changes in accordance with a focusing state, 
on the basis of an image pickup signal output 
from said image pickup means, said integrat- 
ed circuit comprising 

a) gate means for setting a predetermined 
focusing detection region in a photograph- 
ing field, and allowing only an image pick- 
up signal, corresponding to a portion in 
the focus detection region, to pass there- 
through, 

b) filter means for extracting a predeter- 
mined frequency component, which 
changes in accordance with the focusing 
state, from the image pickup signal corre- 
sponding to the portion in the focus detec- 
tion region, 55 

c) arithmetic means for generating the 
evaluation signal by performing predeter- 
mined processing for the predetermined 



frequency component extracted by said 
filter means, and 

(d) interface means for outputting the 
evaluation signal, and receiving an exter- 
nal control signal; and 
(D) control means, connected to said integrat- 
ed circuit for focus detection via said interface 
means, for controlling said focusing means on 
the basis of the evaluation sjgnal. 

4. A circuit according to claim 1, or apparatus ac- 
cording to claim 3, wherein said filter means com- 
prises a digital filter having a variable frequency 
characteristic. 

5. A circuit or apparatus according to claim 4, 
wherein said filter means comprises a plurality of 
digital filters having different frequency charac- 
teristics, which are variable. 

6. A circuit or apparatus according to claim 5, 
wherein said filter means comprises a plurality of 
high- pass filters. 



7. A circuit or apparatus according to claim 5, 
wherein said plurality of filters are switched in 
correspondence with even line scanning and odd 
line scanning of the photographing field, and out- 
put signals having different frequency bands at a 
30 period of a horizontal synchronization signal. 



8. A circuit or apparatus according, to claim 4, 
wherein said gate means can set a plurality of fo- 
cus detection regions on the photographing field, 
and can extract the output from said filter means 
in each of the plurality of focus detection regions. 



9. A circuit or apparatus according to claim 8, 
wherein said arithmetic means comprises a peak 

40 hold circuit for holding a peak value of the output 

from said filter means in each of the plurality of 
focus detection regions, and an integration circuit 
for integrating an output from said peak hold cir- 
cuit in each of the plurality of focus detection re- 
45 gions. 

10. A circuit or. apparatus according to claim 9, 
wherein said peak hold circuit and said integra- 
tion circuit can independently obtain a peak value 

so and an integration value in each of even and odd 

scanning tines in each of the plurality of focus de- 
tection regions. 



11. A circuit or apparatus according to claim 10, 
wherein said filter means has different frequency 
characteristics in the even and odd scanning 
lines. 
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12. A circuit or apparatus according to claim 10, 
wherein said arithmetic circuit further comprises 
a luminance peak detection circuit for detecting a 
peak value of a luminance in each of the plurality 
of focus detection regions, and a luminance dif- 
ference detection circuit for detecting a differ- 
ence between maximum and minimum values of 
the luminance. 

13. A circuit or apparatus according to claim 12, 
wherein outputs from said peak hold circuit, said 
integration circuit, said luminance peak detection 
circuit, and said luminance difference detection 
circuit data- communicate with an externally con- 
nected control circuit via said interface means. 

14. An apparatus according to claim 3, wherein said 
focusing means comprises a focusing lens and a 
focusing lens driving motor. 

15. A one-chip integrated circuit for focus control, 
comprising: 

(A) Y/C separation means for receiving an im- 
age pickup signal, and separating a lumi- 
nance signal and a color signal from the im- 
age pickup signal; 

(6) gate means for setting a predetermined 
focus detection region in a photographing 
field, and allowing only a luminance signal, 
corresponding to a portion in the focus detec- 
tion region, to pass therethrough; 

(C) a plurality of digital filter means for ex- 
tracting predetermined frequency compo- 
nents, which change in accordance with a fo- 
cusing state, from the luminance signal corre- 
sponding to the portion in the focus detection 
region; 

(D) arithmetic means for generating an eval- 
uation signal by performing predetermined 
processing for the predetermined signal com- 
ponents extracted by said plurality of digital 
filter means; and 

(E) interface means for outputting the evalua- 
tion signal, and receiving an external control 
signal. 

16. A circuit according to claim 15, wherein said plur- 
ality of digital filter means comprise a plurality of 
high-pass filters having different frequency char- 
acteristics. 

17. A circuit according to claim 15, wherein said plur- 
ality of filters are switched in correspondence 
with even line scanning and odd line scanning of 
the photographing field, and output signals hav- 
ing different frequency bands at a period of a hor- 
izontal synchronization signal. 



18. A circuit according to claim 17, wherein said gate 
means can set a plurality of focus detection re- 
gions on the photographing field, and gate con- 
trol means can extract the outputs from said dig- 

5 ital filter means in each of the plurality of focus 

detection regions by controlling said gate means. 

19. A circuit according to claim 18, wherein said ar- 
ithmetic means comprises a peak hold circuit for 

10 holding a peak value of the output from said dig- 

ital filter means in each of the plurality of focus 
detection regions, an integration circuit for inte- 
grating an output from said peak hold circuit in 
each of the plurality of focus detection regions, 

is and a luminance peak detection circuit for detect- 

ing a peak value of a luminance in each of the 
plurality of focus detection regions, and a lumi- 
nance difference detection circuit for detecting a 
difference between maximum and minimum val- 

20 ues of the luminance. 

20. A circuit according to claim 19, wherein said peak 
hold circuit and said integration circuit can inde- 
pendently obtain a peak value and an integration 

25 value in each of even and odd scanning lines in 

each of the plurality of focus detection regions. 

21. A circuit according to claim 19, wherein outputs 
from said peak hold circuit, said integration cir- 

30 cuit, said luminance peak detection circuit, and 

said luminance difference detection circuit data- 
communicate with an externally connected con- 
trol circuit via said interface means. 

35 22. A video camera mounting said integrated circuit 
for focus control of claim 15. 

23. An automatic focus control apparatus compris- 
ing: 

40 (A) extraction means for extracting a prede- 

termined frequency component, which 
changes in accordance with a focusing state, 
from an image pickup signal corresponding to 
a portion in a predetermined detection region 

45 set on a photographing field; 

(B) peak detection means for detecting a peak 
value of the frequency component corre- 
sponding to the portion in the detection re- 
gion in units of horizontal scanning lines; 

so (C) integration means for integrating an out- 

put from said peak detection means in the de- 
tection region; and 

(D) control means for controlling the focusing 
state on the basis of a peak value output from 
55 said peak detection means in the detection 

region, and an output from said integration 
means. 
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24. An apparatus according to claim 23, wherein said 
control means hill-climbing-controls a focusing 
lens on the basis of the output from said integra- 
tion means, performs detection of an in-focus 
point on the basis of the outputs from said peak 
detection means and said integration means, and 
performs red riving on the basis of the output 
from said peak detection means. 

25. An apparatus according to claim 23, wherein said 
extraction means comprises a plurality of high- 
pass filters having different frequency character- 
istics, which filters are alternately switched in 
correspondence with even and odd horizontal 
scanning lines. 

26. An apparatus according to claim 23, wherein a 
plurality of said focus detection regions are pro- 
vided, and the outputs from said peak detection 
means and said integration means can be ob- 
tained in units of regions. 

27. An apparatus according to claim 26, further com- 
prising: 

luminance peak detection means for de- 
tecting a peak value of a luminance in the image 
pickup signal; and 

luminance difference detection means for 
detecting a difference between maximum and 
minimum values of the luminance. 

28. An apparatus according to claim 27, wherein said 
control means performs detection of high and 
low luminance values and controls said plurality 
of focus detection regions on the basis of an out- 
put from said luminance peak detection means 
and/or an output from said luminance difference 
detection means. 

29. An apparatus according to claim 28, wherein said 
control means performs focus detection while ig- 
noring the focus detection region from which the 
high and low luminance values are detected. 

30. An automatic focusing apparatus comprising: 

filter means for extracting a predeter- 
mined frequency component used in focus detec- 
tion from an image pickup signal output from im- 
age pickup means; 

gate means for extracting focus signals 
corresponding to a plurality of focus detection re- 
gions in a photographing field from a focus signal 
extracted by said filter means; 

extraction means for extracting luminance 
components of the plurality of focus detection re- 
gions in the photographing field; 

correction means for correcting the plural- 
ity of focus signals extracted by said gate means 



by outputs from said extraction means; and 

driving means for driving a focusing lens to 
an in-focus point on the basis of an output signal 
from said correction means. 

5 

31. An apparatus according to claim 30, wherein said 
extraction means holds peak values of the lumi- 
nance components of the focus detection re- 
gions. 

10 

32. An apparatus according to claim 30, wherein said 
extraction means extracts a difference between 
maximum and minimum values of the luminance 
components of the focus detection regions. 

15 

33. An automatic focusing apparatus comprising: 

filter means for extracting a predeter- 
mined frequency component used in focus detec- 
tion from an image pickup signal output from im- 

20 age pickup means; 

gate means for extracting only signals cor- 
responding to a plurality of focus detection re- 
gions in a photographing field from a focus signal 
extracted by said filter means; 

25 a plurality of extraction means for extract- 

ing luminance components of the plurality of fo- 
cus detection regions in the photographing field; 
and 

driving means for driving a focusing lens to 
30 an in-focus point on the basis of only the focus 

signals which pass through the focus detection 
regions corresponding to the luminance compo- 
nents equal to or smaller than a predetermined 
value of the outputs from said plurality of extrac- 
35 tion means. 

34. An apparatus according to claim 33, wherein said 
extraction means holds peak values of the lumi- 
nance components of the focus detection re- 

40 gions, and extracts a difference between maxi- 

mum and minimum values of the luminance com- 
ponents of the focus detection regions. 

35. A focus detection apparatus comprising: 

45 (A) a plurality of band-pass filters for extract- 

ing predetermined frequency components 
from an image pickup signal; 
(B) switching means for switching said plural- 
ity of band-pass filters; 

so (C) horizontal peak hold means for holding a 

peak value of an output from the band-pass 
filter selected by said switching means in syn- 
chronism with a horizontal synchronization 
signal; 

55 (D) vertical peak hold means for holding a 

peak value of an output from said peak hold 
means in a vertical direction; and 
(E) focus detection means for detecting a fo- 
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cusing state on the basis of the outputs from 
said horizontal and vertical peak hold means. 

36. An apparatus according to claim 35, wherein said 
switching means switches said plurality of band- 
pass filters in correspondence with a frequency 
of the horizontal synchronization signal. 

37. An apparatus according to claim 36, wherein a 
plurality of said vertical peak hold means are pro- 
vided, and said apparatus further comprises sec- 
ond switching means for switching said plurality 
of vertical peak hold means to be interlocked with 
switching of said plurality of band-pass filters in 
synchronism with the horizontal synchronization 
signal of a video signal. 

38. An apparatus according to claim 37 further com- 
prising driving means for driving a focusing lens 
on the basis of an output from said focus detec- 
tion means. 



cusing means along an optical axis direction, and 
determining the driving direction of said focusing 
means on the basis of a change in focus signal. 

5 43. An apparatus according to claim 42, wherein 
when the driving direction of said focusing means 
cannot be determined by the slight oscillation, 
said control means drives said focusing means to 
a standard position where an object is present 

10 with a high probability. 

44. An apparatus according to claim 43, wherein said 
focusing means comprises a focusing lens. 

15 45. Focus control device in which filter means extract 
a selected frequency component from part of an 
image signal, which part has been determined by 
gate means, and means utilising the frequency 
component for controlling focusing. 

20 



39. A video camera comprising: 

(A) focus detection means for performing fo- 
cus detection on the basis of a focus signal 25 
extracted from a video signal; 

(B) determination means for determining a 
transition from an image recording standby 
state to an image recording state; and 

(C) control means for, when said determina- 30 
tion means determines the transition in the 
image recording standby state and in a state 
wherein said focus detection means determi- 
nes an in-focus state, redriving said focus de- 
tection means. 35 



40. A camera according to claim 39, wherein the fo- 
cus signal is a high-frequency component in the 
video signal. 



42. An apparatus according to clai m 41 , wherein said 
control means comprises direction determination 
means for slightly reciprocally oscillating said fo- 



40 



41. An automatic focus detection apparatus compris- 
ing: 

(A) focus detection means for performing fo- 
cus detection on the basis of a focus signal 
extracted from a video signal; 45 

(B) focusing means for performing focusing 
on the basis of the focus signal; and 

(C) control means for, when said focus detec- 
tion means cannot detect a driving direction of 
said focusing means on the basis of the focus so 
signal, determining the driving direction of 
said focusing means on the basis of a position 

of said focusing means and a predetermined 
standard position. 
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